Halley station using an aethalometer. The complete record is dominated by a number of events of high concentration that are clearly due to contamination from the station generators. However, using detailed meteorological data, it is possible rather satisfactorily to remove these events from the record. The events can be used to show that local contamination has no significant effect on sulfate or other major ion data, The remaining data then show a clear seasonal cycle, with monthly mean values of 0.3-2 ng m '3, slightly higher than those recorded at south pole. The cycle peaks in summer, with a possible doublet, and an overall maximum in October. This pattern is similar to that of south pole and of .mineral dust at the coastal Neumayer station. The pattern seems to be controlled by the timing of biomass burning in the tropics, strongly modulated by the efficiency of transport to Antarctica. This transport seems to be poorly represented in model simulations. The concentrations are too low to have any significant effect on snow albedo. The similarity of the Halley and south pole data suggest that ice cores should give a historical record of black carbon that is rather representative of the Antarctic as a whole and therefore indicative of trends in biomass burning throughout the southern hemisphere.
Introduction
Carbonaceous aerosol in the troposphere has three main sources: natural primary and secondary emissions of organic gases from vegetation, combustion of fossil fuels, and combustion of vegetation (biomass burning). Estimates of annual fluxes from these sources suggest that the latter two, which are both predominantly under anthropogenic control, dominate the global budget of carbonaceous aerosol [Cachier, 1995] . The major source regions are the tropical regions for biomass burning and the temperate latitudes of the northern hemisphere for industrial combustion. In urban areas, the detailed chemical makeup of the carbon fraction of aerosol is of particular interest. Measurements in remote areas can be used to trace the extent of pollution reaching these regions. The effect of carbonaceous aerosol on radiative properties of the atmosphere is of potential climatic importance and requires study. In the polar regions, the effect on the albedo of snow surfaces has also been studied [Warren and Clarke, 1990 ].
Finally, the possibility of using ice cores to study past variations in combustion is very attractive, and studies have recently been started [Chylek et al., 1992; Cachier, 1995; Legrand et al., 1995] .
The carbonaceous aerosol includes many different chemical forms, with a very high carbon content as their common factor, They are often divided into two main groups: organic carbon and black (or soot) carbon. Black carbon (BC), although generally the minority part of carbonaceous aerosol, is often measured because of the relative simplicity of the measurement. It is defined operationally through its high degree of optical absorption or its refractory behavior [Cachier, 1995] . Because of its resistance to Copyright 1998 by the American Geophysical Union.
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0148-0227/98/97JD-01363509.00 atmospheric attack and its capability to be transported away from source regions, it may serve as an unambiguous tracer of combustion.
Black carbon has been measured in air at Halley station (75 35'S, 26 14'W), Antarctica, since February 1992 using an aethalometer. This has provided data at 2 hour intervals. Owing to the relative proximity of station generators, careful contamination control is required in order to use the data to study background black carbon. This paper describes the procedure for doing this and discusses the seasonal and interannual variability of black carbon at Halley in terms of source strengths and transport efficiencies. There are no other stations within 300 km of Halley.
Site Description and Sampling Method
The aethalometer inlet is situated 12 m south of the building known as the ICB (Figure 1) . The inlet consists of a tube situated in an upturned jar intended to deter the buildup of blowing snow on the inlet. Although the operators report some buildup of rime around the tube, it does not affect air flow, and the flexibility of the system causes the rime to be removed in moderate winds. We therefore do not expect it to cause a significant loss of black carbon (especially as (see later) we select against periods with low wind speeds). Air is sucked through a semirigid plastic tube to a filter in the aethalometer, which is situated inside the building. The flow rate of air is generally in the range 25-35 L/min, except during the period October-December 1994 when the pump was faulty, and The principle of the aethalometer is that the attenuation of light from a light beam passing through the filter is measured. Light absorption is enhanced by multiple reflections inside the fibrous filter matrix. The difference in attenuation from one reading to the next can be used to estimate the black carbon accumulated on the filter during the measurement interval and hence the concentration of black carbon in the air. This method assumes that BC particles form the only aerosol component which significantly absorbs light. It also effectively defines black carbon solely by its light-absorbing properties. It involves an assumption that the light-absorbing properties of the measured BC aerosol are the same as those of the calibration material used at the manufacturers, an assumption that is unlikely to be true. Indeed, BC particle shape and surface coating are likely to vary with the origin and aging of the aerosols thus modifying their absorption capability [Chylek et al., 1995] . The attenuation cross section can vary by a factor of 3 from that used in the calibration, with remote BC aerosols having on average particularly low values (implying that concentrations from the aethalometer are lower than the true values) [Liousse et al., 1993] .
However, owing to the lack of consensus, the aethalometer average calibration coefficient recommended for this filter type (14 m 2 has been retained.
Filters are removed when the light attenuation reaches a predefined value which for remote sites is set at 80-100. When quartz filters are used, they can in principle be examined to determine the type of carbonaceous aerosol present. Unfortunately, as discussed later, at Halley, most filters can continue for a considerable time with low attenuation values but then experience one or more episodes of pollution from the station generators.
Although such episodes can be removed from the aethalometer time series (as discussed later), they overwhelm the eventual composition of the carbon on the filters. The filters therefore generally represent very local combustion sources and cannot be used to characterize the chemistry of the background carbonaceous aerosol.
It is important to extend the sampling interval such that a significant change in the optical attenuation of the filter is achieved. A 2-hour interval was used throughout and gave generally positive values. During June-August 1993, a faulty lamp led to considerable noise in the measurements, and these data have been smoothed or omitted from data analyses, as appropriate.
Station vehicles were kept well clear of the aethalometer inlet, except on a few occasions when maintenance necessitated a closer approach. Such brief intervals seemed to have no effect on the data. A simple test suggested that at moderate wind speeds, a snowmobile parked with its engine running could be detected only when it approached to within a few meters of the aethalometer inlet. The main local pollution effects come from the two station generators, located on the buildings known as the ACB and SSB, respectively (Figure 1 ). Station personnel report that on some occasions, black particles from these generators (at 350 and 400 m from the aethalometer inlet, Figure 1 ) can be seen on the snow surface, and the aethalometer readings increase dramatically. Although the predominant easterly wind direction at Halley is such that the generators are downwind of the aethalometer, it is also often westerly, so that they are upwind [K6nig-Langlo et al., this issue; Wolff et al., this issue (a)]. In the next section, we discuss our method for filtering pollution events from our data and also comment on the use of the aethalometer as an indicator of pollution that can be used to assess the importance of local sources for other chemical species. I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I   I  I  I   I  ', ,, ,, pollution, we have accepted only those data in both direction and speed bins 1. This amounts to approximately 48% of the datapoints over the 4-year period. This method ensures that we exclude data where the wind was from the direction of a generator even for a brief period during the 2 hour interval. This should also more or less exclude the possibility of including times when pollution has traveled away from the aethalometer after emission and then back toward it later. It also excludes times when low wind speeds could have allowed pollution to drift slowly upwind. The disadvantage of the method is that it reduces our data set to one with particular conditions which could be untypical for the background aerosol (for instance, if the background aerosol is different for westerly and easterly winds). The fact that we include nearly 50% of datapoints means that the data set should not be too heavily biased. Although the percent retained naturally varies from month to month (with between 20 and 65% retained), over the 4 year period there is no evidence of a seasonality in retention of data.
Data and Meteorological Filtering
As a final check on the representative nature of our final data set, we examined the rejected data that we could have used from the 1995 data set. Although they comprise a relatively small number of datapoints, the data in speed bin 2 (i.e., 2-5 knots) show the same seasonality as the accepted data, and no obvious pollution spikes are included. Very few of the 1995 data were rejected because they had speeds lower than 2 knots. The relatively few datapoints in direction bins 2 and 3 also contain no obvious pollution spikes and show a seasonality consistent with that of the accepted data. Only in the two direction bins coming from the generators are large pollution spikes seen and dominant. These findings imply that our selection criteria is more stringent than necessary and that we could safely relax both the speed and direction criteria. On the other hand, our criteria appear not to have biased the data in any significant way, although we have of course rejected all data during westerly winds. Since widening the speed and direction bins adds relatively few datapoints, we prefer to keep to our stringent selection criteria. The finding that the aerosol BC concentration is increased by a factor more than 100 over background when the sampler finds itself downwind of the station at a few hundred meters, but is not increased at all when it is the same distance upwind is consistent with the findings of surface snow analyses at south pole [Warren and Clarke, 1990 ].
Filtered Black Carbon Data Set at Halley
The data set, filtered as described above, has values for 2-hour This agreement between a coastal and an inland station provides support for the cycle seen, overcoming any doubts about the correction procedures used at each station. It also suggests that both stations are responding almost identically to a common source. Although it would be desirable to see a record from a third site, preferably on the Pacific or Indian Ocean sector of Antarctica, the implication is that each station has a signal that can be considered representative for the whole Antarctic continent. This in turn implies that ice core records of BC from Antarctica can be expected to have a wide geographical significance.
BC particulate concentrations are expected to reflect primarily variations of source intensity and transport patterns, although enroute scavenging of particles may also be an important determinant. All these parameters are likely to have a repetitive seasonal dependence which will account for the BC seasonal cycle over . At a given location, however, most fires occur in periods of less than 2 months, and a shift in the timing of intensive burning may be observed from one region to another. For savanna regions, the heart of the dry season may be observed approximately from July to October moving from the north to more southern regions. However, for forest fires in Amazonia, the peak of emissions occurs at the end of the dry season (November) due to the need for tree wood to dry before burning.
From these considerations, it may be seen that the period October to late November will be the most favorable with respect to global biomass burning source intensity. Coincidentally, the southernmost part of Africa is then in the fire season which is the most favourable situation for transport and inputs to Antarctica. It has been shown that biomass burning pollutants may be entrained in the general circulation [Garstang et al., 1997] . Dust uplift and entrainment would also be expected to be strongest during the dry season, leading to a similar seasonality.
It may be thus inferred that the occurence of BC (and dust) maxima in spring is due to the conjunction of the two factors, a strong source intensity and occasional favorable meteorology, whereas the extension of this maximum in summer is primarily due to a highly effective transport to Antarctic sites in this season.
BC Transport at Different Subantarctic and Antarctic Sites
BC data can be compared for south pole, Halley, Amsterdam  Island (77øE, 38øS) , and Lamto, a savanna site in Africa. As previously mentioned, the savanna site concentrations reflect the regional background of biomass burning with overwhelming inputs during the heart of the dry season . The same phenomenon is observed at Amsterdam Island where the coincidence of the fire season and efficient transport from the The data for black carbon can be compared to measurements of other species believed to be ot biomass burning origin. The seasonal cycle of light hydrocarbons and particularly acetylene at Neumayer shows a marked seasonality with a maximin ratio value of 3, very similar to that observed for BC at Halley. However, the peak appears in late winter/spring, centered on September which is more or less in agreement with the biomass burning season but displays a significant shift by comparison with aerosol data. This discrepancy is at first puzzling, but an explanation could lie in the Figures 8b, 8c, and 9) , a common feature is on average the underprediction of BC concentrations (especially for seasonal maxima), the discrepancy being still more pronouced in central Antarctica. The seasonality is also incorrect but primarily dictated by the timing of biomass burning. A small secondary maximum in summer in the model output represents the vortex breakdown. The strikingly poor comparison of experimental data sets against the model (Figure 8 ) points out an important problem of the model at high latitude which probably lies in a poor representation of advective transport toward Antarctica, which needs to be revisited in the future.
Conclusion
We have shown that it is possible to use detailed meteorological data to correct black carbon data containing many rather high incidences of local pollution. The local input is in fact a useful tracer for local contamination reaching other samples and has allowed us to verify that our major ion data are free from local 
